Velocity selector for an electrostatic hypervelocity accelerator by Hansen, D. O.
TECHNICAL REFORT 
41 58 - 6008-TU-000 
1 
GPO PRICE $ 
CFSTI PRICE(S) $ 
July 1865 
ff 853 July 65 Prepared for 
National Aeronautics and Space Administration 
Washington, D. C. 20546 
Contract No.  NASw-936 
D. 0. Bansen 
U I 
p, ?J+ - #  
Approved by 
J. F. Fri ichtenicht  
Manager, Meteoritics Dept. 
I 
PHYSICAL ELECTRONICS LABOBATORY 
Physical Research Divis ion 
TRW Systems 





YIGUICITY S E L E e r O R  FOR AN ELECTROSTATIC 
EYPERVEUCITY ACCIZLERA'POB 
1 
The T'RW e l e c t r o s t a t i c  hypervelocity accelerator& is capable 
of accelerating micron-size e l ec t r i ca l ly  charged dust particles 
to velwities io 8xcess ef 30 kdsec. 
velocity data w i t h  the basic system alone is d i f f i c u l t  and l t i m e  
consuming, the practical upper l i m i t  on par t i c l e  v e l o c i t y  prior 
t o  development of a velocity selection system was about 15 k d s e c .  
The velocity selector  has raised t h i s  uppep l i m i t  t o  that of the 
accelerator i tself ,  or above 35 Wsec. 
Secsuse obtaining high 
The detectors used w i t h  t he  e l e c t r o s t a t i c  accelerator are 
2 
described elsewhere. The output of the detectors  consists of a 
rectangular wave w i t h  a height proportional t o  the charge of the 
p a r t i c l e  and a length inversely proportional t o  its velocity. 
This  signal is amplified by a low-noise preamplifier3 and then 
displayed on an oscilloscope. The t race is usually photographed 
so t h a t  the parameters of the par t ic le  may be precisely measured. 
The f a s t e r  pa r t i c l e s  generally carry a smaller charge and 
therefore generate smaller s ignals  than those produced by the 
slower particles. The oscilloscope sweep is usua l ly  tr iggered 
in te rna l ly  so that a l l  par t ic les  w i t h  less than a specified 
velocity vo sweep the  oscilloscope. 
on high-speed particles, a l l  par t ic les  w i t h  less than the desired 
v e l o c i t y  m u s t  a l s o  be recorded and the resu l t ing  t races  sorted t o  
i s o l a t e  the high-velocity-particle pictures, which const i tute  a 
small f rac t ion  of the t o t a l  number of t races  recorded. 
Thus, i n  order t o  obtain data 
These d i f f i c u l t i e s  are compounded because the dust powder 
available for  acceleration does not have a uniform s i ze  d i s t r i -  
bution. The d is t r ibu t ion  curve peaks for par t i c l e s  of about 1 
t o  2 microns radius, and par t ic le  ve loc i t ies  correspondingly 
peak a t  around 5 t o  7 ker/sec. This peak is qui te  sharp and 
. * .  
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f a l l s o f f  par t icular ly  f a s t  i n  the d i rec t ion  of decreasing radius 
and higher speed. 
A further serious hindrance t o  obtaining high-velocity data 
is low-frequency noise. For accurate measurement of particle 
pzxge$ui=5, t-u gr~yu~MCy- r e&puslgG cz pru&mpli$isr m-u&t =& 
extended t o  l o w  frequencies (10 kc or less). A great deal  of 
low-frequency noise reaches the oscilloscope input despite the 
many precautions that  are taken. This noise is not troublesome 
on an oscilloscope t race  because its frequency is low compared to 
the sweep ra te ,  but it can trigger the oscilloscope, causing it 
t o  sweep continuously. The t r igger  level  m u s t  therefore be set 
w e l l  above t h i s  low-frequency noise leve l  t o  avoid spurious 
triggering, w i t h  the r e s u l t  tha t  very-low-charge particles do not 
sweep the  Oscilloscope. Since these low-charge particles are 
a l s o  the ones w i t h  high velocity, the e f f e c t  of low-frequency 




To a l l ev ia t e  the above problem a velocity selector system 
was designed and constructed. As can be seen i n  the logic diagram 
presented as Fig. 1, three pa r t i c l e  detectors are used w i t h  the 
velocity se lec tor ;  the first two are  velocity detectors, while 
the t h i r d  is a charge detector. For soma applications only the 
velocity detectors  are used, whereas i n  other experiments the 
e n t i r e  system is required. 
The velocity detectors have a r e l a t ive ly  narrowband frequency 
response of 1 t o  10 m c .  The outputs of preamplifiers No. 1 and 2 
a re  fed to  pulse height discriminators, which a re  set  so t h a t  
they a re  tr iggered by noise a t  a r a t e  of 20 t o  50 pps. D i s c r i m i -  
nator No. 1 triggers a one-shot multivibrator t ha t  has an ad- 
justable  period. A t  the end of the period selected, a second one- 
shot multivibrator of variable period is triggered. A gate is 
opened for  the period of t h i s  second one-shot, and pulses from 
discriminator No. 2 w i l l  pass through the  gate i f  they appear 
" 



















during t h i s  t i m e .  Pulses that  come through the gate are  de- 
tected by a discriminator whose output ordinarily swe>eps the 
oscilloscope but may a l s o  be used fo r  other purposes, such a s  
act ivat ion of a par t ic le-def lect ion s y s t e m  t h a t  is described i n  
4 some detail elsewhere. 
The accidental  r a t e  of the velocity selector  is calculated 
from the standard coincidence accidental formula 
R ace - RlR2At 9 
where 5 and R2 a re  the rates of disciminators Nos. 1 and 2. 
B lt-2, which is a very acceptable r a t e  for m o s t  conditions. The 
value of A t  chosen for t h i s  example is larger  than required f o r  
a l l  but the widest v e l o c i t y  windows (1 to  40 km/sec.) 
For 
and R2 equal t o  50 pps and A t  equal t o  secp Racc = 2.5 x 
. If a precise determination of par t i c l e  mass is necessary for 
an experiment, a pulse height window discriminator lnay be placed 
on the output of detector No, 3 t o  specify a pa r t i c l e  charge 
interval ,  j u s t  a s  the  velocity se lec tor  is used t o  specify a par- 
t i c l e  velocity interval.  The simultaneous specif icat ion of charge 
and velocity is equivalent t o  specifying a mass interval ,  since 
the specif icat ion of charge and velocity together w i t h  the accel- 
e ra tor  voltage allows the  mass of the pa r t i c l e  t o  be calculated. 
The velocity select ion s y s t e m  is used f o r  experiments re- 
quiring data over a small particle-velocity interval .  For tests 
of t rans ien t  phenomena, such as impact ionization, behavior of 
pa r t i c l e s  under free-molecular-f low conditions, etc., the velocity- 
select ing section of the system is a l l  t h a t  is needed. 
f o r  experiments on phenomena such as crater ing the par t ic le-  
def lect ion s y s t e m  is used. 
v e l o c i t y  selector ,  t h e  c r a t e r  s t ructure  can be re la ted  accurately 
t o  the impacting pa r t i c l e  parameters. 
However, 
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